
June 14, 2012 

Ms. Wendy Cheung 
Mr. Chuck Tinsley 

12975 W. 24th PI. 
Golden, (Applewood) Colorado, 80401 
(303) 237-8865 
Fax 237-8869 

U.S. Environmental Protection Agency 
Mail Code: 8P-W-GW 
1595 Wynkoop Street 
Denver, CO 80202-1129 

RE: Class I Injection Well DI-1 
Permit No. C0-12143-00000 
Step Rate Testing 

Dear Ms. Cheung and Mr. Tinsley: 

INTRODUCTION 

As you are aware, on April 3, 2012, we completed a second Step Rate Test (SRT) on our DI-1 

injection well . This SRT was conducted to determine whether or not fracturing of the formation is 

occurring and to obtain flow vs. pressure data for operational purposes. 

The first SR T on this well, consisting of four steps, was performed on September 23, 20 l 0 using a 

wellhead gauge only. The purpose of the additional testing is to perform additional steps (a total of 

seven) and to obtain additional pressure data using downhole transducers. The ultimate goal is to 

be able to increase the Maximum Allowable Injection Pressure (MAIP) for the well. We are 

r-equesting such an increase in the MAIP because the current MAIP of 1485 psi at the wellhead is 

inadequate for the District 's needs, especially as time passes and the perforations begin to plug and 

the formation pressures ·ncrease. 

TESTING PROCEDURES 

The formation pressure vs. flow data and graphs from the first SRT are presented again in Appendix 

A for your convenience. 

On April3, in accordance with EPA's Step Rate Test Procedure and with EPA personnel present, 

we conducted a seven step test on well DI-1 . Each step ran at a constant rate for 30 minutes. Two 

transducers were lowered into the hole and set near the bottom of the well prior to testing. These 
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These probes were installed to obtain downhole pressure data during the test. Pressure vs. flow 

graphs and tables prepared in the field by the contractor Maverick Stimulation Company are 

attached in Appendix B. The flow rate ranged from 5.2 to 38.9 bbl/min. Even though the 

pumps were experiencing problems during the seventh step, a reasonable flow rate and pressure 

was still obtained for this step. 

Neru- the end of the test, the cable holding the transducers separated and the transducers along 

wi th about I 0,000 feet of wire was lost down the hole. After waiting three days (to obtain 

falloff pressure data), we spent the next 15 days using a wirelinc rig and a workover rig with 

tubing to fish for the transducers. We were able to remove almost all the wire from the well , but 

were not able to recover the transducers. 

ANALYSIS 

Even though we were not able to obtain downhole pressure data, we did obtain very valuable 

flow vs wellhead pressure data for all seven steps. We understand that downhole data are 

preferred, and we agree, but on page 2 of the Step-Rate Test Procedure the instructions state " If 

a surface gauge is used, the test pressures must be corrected for the estimated friction loss at each 

particular flow rate". Based on these instructions, we have corrected the wellhead pressure data 

for friction loss as described below. 

We calculated friction loss using the Darcy Weisbach method widely used in the civil 

engineering industry for pipeline design. It is generally recognized as the most accurate model 

for estimating friction head loss in steady pipe flow. Because using the DW method can be 

fairly tedious, we use an XL spreadsheet prepared by an engineering company called Bright Hub. 

This spreadsheet can be found on the website Brighthub.com. An explanation of the 

BrightHub calculations is presented in Appendix C. 

The input data used are as follows: 

Flow rate = varies 
Inside pipe diameter= 4.00 inches 
Pipe roughness = 0.0000033 ft. (from pipe manufacturer) 

Pipe length = 9052 ft. 
Fluid density= 1.936 slugs/cubic foot (assuming temperature is 70 degrees F) 

Fluid viscosity= 2.034£-05 lb-sec/sq. foot (see Appendix C for temperature of 70 degrees F). 

Note that we incorrectly used the outside pipe diameter of 4.5 inches in our previous report for 

the first SRT. This error has been corrected as the actual inside diameter of the pipe is 4.00 

inches. 

The friction loss calculation sheets for each step in both SRT's are presented in Appendix C. 



We next plotted the flow vs pressure data for the second SRT and for the two SRT's together 

(Appendix D). The pressure plotted in the two graphs is the total hydraulic pressure at the 

center of the perforated zones (9595 feet below ground level) for each step in each test. This 

pressure was calculated by adding the gauge pressure at the wellhead to the hydrostatic head in 

the well ( 4154 psi) and subtracting the friction loss in the tubing. 

Both graphs show that pressure increased linearly as flow rate increased. Fracture pressure, 

which would show itself as a distinct "kink" in the line, was not reached in any of the step tests. 

CONCLUSIONS 

Based on the analysis above, no fracturing occurs up to and even beyond a wellhead pressure of 

5000 psi. We understand that the friction loss corrections are approximate and the actual 

transducer data would be more accurate, so we are not requesting an MAlf>''thac:ptgh,. However, 

we do believe, based on our analysis that an increase iq. th'e MAIP to 3200 psi at/ the wellhead 

would be reasonable. '' ----
If you have any questions, please call. 

SinV:0t-
Patrick OBrien, PE, CPGS 



APPENDIX A. INJECTION RATE VS. FORMATION PRESSURE DATA­

FIRST AND SECOND STEP RATE TESTS 
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APPENDIX B. INJECTION RATE VS. WELLHEAD PRESSURE GRAPHS AND DATA­

SECOND STEP RATE TEST 



~! 
:JrJ AVERICK 
STIMULATION COMPANY, LLC 

88 INVERNESS CIRCLE E. G-101 
ENGLEWOOD, CO 80112 
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Date: 03-Apr-12 

Customer Acknowledgement: Service Rating: r"!:_rea_~:____ -· -+--- · PRQDOtrS USED . . . ~ 
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*AVERICK 
STi iltiULATYON COMPANY, LLC 

Summary 

Max Fl. Rate Avg Fl. Rate Max Psi 

70.0 23.5 5,186 

88 INVERNESS CIRCLE E. G-101 

ENGLEWOOD, CO 80112 
PH (303) 757-7789 FAX (303) 757-7610 

Avg Psi 
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Date: 03-Apr-12 

,-------r.--r-~~ 

Total: !_ __ ,_________ .L !.?~B~-~-L-~~ 

Customer Acknowledgement: Service Rating: Treater: PROP'l.!Cfsi.JSEb . . 
, .. :.:..:=-::.::: .. : ______________ +~~~--~-~-~-~-"----
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0 Unsatisfactory 

RICKC . WATER PROVIDED BY CUSTOMER ------·-l· FORMATION 

~~~,:r~~i!~:~~OUNC~------------~--
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APPENDIX C. DARCY WEISBACH FRICTION LOSS CALCULATIONS 



Bright Hub 
Home > Engineering > Civil Engineering > Hydraulics 

Pipe Flow/Head Loss/Friction Factor Calculations with Excel 
Spreadsheet Templates 

Written by: Harlan Bengtson ., Edited by: Lamar Stonecypher 
Updated Oct 11, 201 0 
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Calculation of frictional head loss or pressure drop for pipe flow, using the 

Darcy Weisbach/ friction factor equation, can be done with downloadable 

Excel spreadsheet templates given in this article. A template is also given for 

calculation of pipe diameter needed for given flow rate and head loss. 

Pipe Flow/Head Loss Calculations with Excel Spreadsheet Templates 

Darcy Weisbach equation/pipe flow calculations like head loss, pressure 

drop, or required pipe diameter, using Excel spreadsheet templates, are 

illustrated in this article. The Darcy Weisbach equation [ hL = f (LID)(V2/2g)] 

gives a relationship among pipe length and diameter (Land D); average 

velocity in the pipe (V); frictional head loss (hL); and friction factor (f), where 

the friction factor is, in general, a function of Reynolds number (Re) and the 

ratio of pipe roughness to pipe diameter (£/D). More details about the Darcy 

Weisbach equation and the variable listed here are available in the article, 

"Pipe Flow Calculations 3: The Friction Factor and Frictional Head Loss." The 

friction factor, f, may be determined with the use of a graph or from 

equations. The graph and equations for f are given in the article just 

mentioned. Also the equations that will be used for fin these Excel 

spreadsheet templates are given later in this article. 

Calculation of Frictional Head Loss or Pressure Drop 

The Excel spreadsheet template shown in the image at the left is set up to 

calculate the frictional head loss and pressure drop for a specified volumetric 

flow rate in a pipe of known diameter, length, and roughness.Aiso, the fluid 

http://www.brighthub.com/engineering/c~vil/articles/84765.aspx 5/14/2012 
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density and viscosity need to be 

known. (Clicking on the image will 

enlarge it so it can be read.) The 

table at the right gives typical pipe 

roughness values for use with the 

Darcy Weisbach equation. 
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The calculations in this example spreadsheet proceed in three steps, after 

the needed data has been input. The first step is calculating the friction 

factor, f, using the equation for 'completely turbulent flow,' f = 1.14 + 21og10 

(D/Er2
. The second step is an iterative calculation with the more general 

equation for friction factor: f = {-21og1o[((E/D)/3.7) + (2.51/(Re*(f112
))]}-

2
, which 

gives f as a function of both EID and Reynolds number, to zero in on a better 

estimate for f. The third step, calculating frictional head loss and frictional 

pressure drop is quite straightforward after the value off is determined. 

The example spreadsheet in the image uses U.S. units, but both U.S. and 

S.l. versions can be downloaded below. 

Click here to download this Excel template in U.S. units. 

Click here to download this Excel template in S.l. units. 

Calculation of Required Pipe Diameter 

The Excel spreadsheet template shown in this section will calculate the pipe 
. . ' 

diameter needed to carry a specified flow rate of fluid with 

known density and viscosity, with a specified maximum 

head loss. The same iterative procedure is used to 

calculate the friction factor, f, however an assumed value 

of pipe diameter, D, is needed to start the process, 

because a value for D is needed to determine a value for 

f. After a value for f is found using the assumed D, then 

"""' ....... , ............. ~""""""'· 
! . :::·.::-':;:~·!~~~:~ , 

~· " -

http://www.brighthub.com/engineering/civil/articles/84765.aspx 
' . 
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Pipe Flow/Friction Factor Calculations 1: (U.S. units) 

Calculation of Head Loss, hL, or Frictional Pressure Drop, 6.Pt. 

for given flow rate, Q , pipe diam., D, pipe length, L, 

pipe roughness, ~::, and fluid properties, p & 1-l· 

1. Determine Friction Factor, f, assuming completely turbulent flow [f = 1.14 + 2 log10(D/e)"2] 

Inputs Calculations 

Pipe Diameter, D = 4 in Pipe Diameter, D = 0.3333 

Pipe Roughness, c = 0.0000033 ft Friction Factor, f = 0.00805 

Pipe Length. L = 9052 ft Cross-Sect. Area , A= 0.0873 

Pipe Flow Rate, Q = 0.529 cfs Ave. Velocity, V = 6.1 

Fluid Density, p = 1.936 slugs/ft3 Reynolds number, Re = 192,328 

Fluid Viscosity . I" = 2.034E-05 lb-sec/~ 

2. Check on whether the given flow is "completely turbulent flow" 

(Calculate f with the transition region equation and see if differs from the one calculated above .) 

f = {-2*1og10[((E/D)/3.7)+(2.51/(Re*(f112))]}"
2 

Transition Region Friction Factor, f: f= 0.0170 . 

Repeat calc of f using new value off: f= 0.0159 

Repeat again if necessary: f= 0.0158 

3. Calculate hL and t.P1, using the final value for f calculated in step 2 

(hL = f(UD)(V2/2g) and ~P1 = pghL) 

Frictional Head Loss, hL 

Frictional Pressure 

Drop. t.P, 

Frictional Pressure 

Drop, t.P, 

245.5 

15291 

106.19 

ft 

psf 

psi 

ft 

ft2 

ft/sec 



Pipe Flow/Friction Factor Calculations 1: (U.S. units) 

Calculation of Head Loss, hL, or Frictional Pressure Drop, ~P1 , 

for given flow rate, Q, pipe diam., D, pipe length, L, 

pipe roughness, c, and fluid properties, p & Jl. 

1. Determine Friction Factor, f, assuming completely turbulent flow [f = 1.14 + 2 log10(D/s:)"2] 

Inputs Calculations 

Pipe Diameter, D = 4 in Pipe Diameter, D = 0.3333 fl 

Pipe Roughness, & = 0.0000033 fl Friction Factor, f = 0.00805 

Pipe Length, L = 9052 It Cross-Sect. Area , A= 0.0873 fe 

Pipe Flow Rate, Q = 0.955 cfs Ave. Velocity, V = 10.9 ft/sec 

Fluid Density, p = 1.936 slugs!f13 Reynolds number, Re = 347,208 

Fluid Viscosity. It = 2.034E-05 lb-sec/fe o'l' C) /fl "J ;;: f 

2. Check on whether the given flow is "completely turbulent flow" ' q 11-1 q (c.c 

(Calculate f with the transition region equation and see if differs from the one calculated above.) 

f = {-2*1og1o[((E/D)/3.7)+(2.51/(Re*(f112
))]}"

2 

Transition Region Friction Factor, f: f= 0.0150 

Repeat calc off using new value off: f= 0.0141 

Repeat again if necessary: f= 0.0142 

3. Calculate hL and t.P1, using the final value for f calculated in step 2 

(hL = f(LID)(V2/2g) and L\P1 = pghd 

Frictional Head Loss, hL 

Frictional Pressure 

Drop, ll.P1 

Frictional Pressure 

Drop, ll.P1 

717.4 

44684 

310.30 

It 

psf 

psi 



Pipe Flow/Friction Factor Calculations 1: (U.S. units) 

Calculation of Head Loss, hL, or Frictional Pressure Drop, ~P1 , 

for given flow rate, Q, pipe diam., D, pipe length, L, 

pipe roughness, e, and fluid properties, p & 1-l· 

1. Determine Friction Factor, f, assuming completely turbulent flow [f = 1.14 + 2 log10(D/&)"2
] 

Inputs Calculations 

Pipe Diameter, D = 4 in Pipe Diameter, D = 0.3333 

Pipe Roughness, s = 0.0000033 ft Friction Factor, f = 0.00805 

Pipe Length , L = 9052 ft Cross-Sect. Area , A= 0.0873 

Pipe Flow Rate, Q = 0.487 cfs Ave. Velocity, V = 5.6 

Fluid Density, p = 1.936 slugs/ft3 Reynolds number, Re = 177,058 

Fluid Viscosity, 1-1 = 2.034E-05 lb·sectn> 

2. Check on whether the given flow is "completely turbulent flow" 

(Calculate f with the transition region equation and see if differs from the one calculated above.) 

f = {-2*1og10[((~:/D)/3. 7)+(2.51/(Re*(f112
))]}"

2 

Transition Region Friction Factor, f: f= 0.0174 

Repeal calc of f using new value of f: f= 0.0160 

Repeat again if necessary: f= 0.0161 

3. Calculate hL and .1-P, using the fi~al value for f calculated in step 2 

(hL = f(UD)(V2/2g) and AP1 = pght) 

Frictional Head Loss, hL 211.7 ft 

Frictional Pressure 

Drop, t.P1 13182 psf 

Frictional Pressure 

Drop, t.P1 91.54 psi 

ft 

ft2 

ft/sec 

) 



Pipe Flow/Friction Factor Calc.ulations 1: (U.S. units) 
Calculation of Head Loss, hL, or Frictional Pressure Drop, 6.P1, 

for given flow rate, Q, pipe diam., D, pipe length, L, 

pipe roughness, E, and fluid properties, p & fl. 

1. Determine Friction Factor, f, assuming completely turbulent flow [f = 1.14 + 2 log10(DIE)"2
] 

Inputs Calculations 

Pipe Diameter, D = 4 in Pipe Diameter, D = 0.3333 

Pipe Roughness, e = 0.0000033 ft Friction Factor, f = 0.00805 

Pipe Length, L = 9052 ft Cross-Sect. Area, A = 0.0873 

Pipe Flow Rate, Q = 1.067 cfs Ave. Velocity, V = 12.2 

Fluid Density, p = 1.936 slugs/ft3 Reynolds number, Re = 387,927 

Fluid Viscosity, ).l = 2.034E-05 lb-sec/ft2 

2. Check on whether the given flow Is "completely turbulent flow" 

(Calculate f with the transition region equation and see if differs from the one calculated above.) 

f = { ·2*1og10[((EID)/3.7)+(2.51/(Re"(f112
))]}-

2 

Transition Region J=riction Factor, f : f= 0.0147 

Repeal calc off using new value off: f= 0.0139 

Repeat again if necessary: f= 0.0139 

3. Calculate hL and t.P1, using the final value for f calculated in step 2 

Frictional Head Loss, hL 

Frictional Pressure 

Drop, Ll.Pr 

Frictional Pressure 

Drop, Ll. Pr 

877.5 ft 

54651 psf 

379.52 psi 

ft 

ttl 

ftlsec 



Pipe Flow/Friction Factor Calculations 1: (U.S. units) 

Calculation of Head Loss, hL, or Frictional Pressure Drop, b.P1, 

for given flow rate, Q, pipe diam., D. pipe length, L, 

pipe roughness, E, and fluid properties, p & J.l. 

1. Determine Friction Factor, f, assuming completely turbulent flow [f = 1.14 + 2 log10(0/E)"2
] 

Inputs Calculations 

Pipe Diameter, D = 4 in Pipe Diameter, D = 0.3333 

Pipe Roughness, & = 0.0000033 It Friction Factor, f = 0.00805 

Pipe Length, L = 9052 fl Cross-Sect. Area , A= 0.0873 

Pipe Flow Rate, Q = 1.638 cfs Ave. Velocity, V = 18.8 

Fluid Density, p = 1.936 slugs/It' Reynolds number, Re "' 595,525 

Fluid Viscosity, J.1 = 2.034E-05 lb-sec!tt'! 

2. Check on whether the given flow is "completely turbulent flow" 

(Calculate f with the transition region equation and see if differs from the one calculated above.) 

f = { -2*1og,0[((E/D)/3. 7)+(2.51/(Re*(f112
))]}"

2 

Transition Region Friction Factor, f: f= 0.0135 

Repeat calc off using new value off: f= 0.0128 

Repeat again if necessary: f= 0.0129 

3. Calculate hL and L\Pt> using the final value for f calculated in step 2 

(hL = f(UD)(V2/2g) and AP1 = pghd 

Frictional Head Loss, hL 

Frictional Pressure 

Drop, L\P1 

Frictional Pressure 

Drop, L\P1 

1921.4 

119664 

831.00 

It 

psf 

psi 

fl 

tt> 

fl/sec 



water - Uynam1c and Kinematic Viscosity 

Resources, Tools and Basic Information for Engineering and Design of Technical Applications! 
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Water 

Viscosity Cup 

Water Pressure 

Convert Units 
TemQllli!_ture 

0 

C °F 
12~:1.1!1 

~ m 
<) km 
... ~ in 

' . ' ft 
C yards 
,) miles 
C nautical miles 

fco~~v¢rt,!) 

Water - Dynamic and Kinematic Viscosity 

Viscosity of water at temperatures between 0- 100°C (32- 212°F)- in 

lmper!~l.- ~nd Sl U_n_it~ ---- ... 

TT-100 
In-Line Viscometer 

fA 
J -a 

~! .!/!' '!~~'-
· ~· 

Dynamic and Kinematic Viscosity of Water in Imperial Units (BG units): 

,~----... --~ -------------~--- --~ ..... -·""' 
! Temperature 

1 

Dyna~ic , Ki~ernatic 
I -t - I ViSCOSity ViSCOSity 
I -p- - v- ! 

('F) (lb slff-) X 1()5 (ffl,sJ x 10·5 I 

.. . ..... I -\ 
32 3.732 1.924 

40 3.228 1.664 .. 
I 50 2.730 1.407 

60 2.344 1.210 

70 2.034 1.052 

80 1.791 0.926 

L. 90 1.580 0.823 
-I 

100 1.423 0.738 l 
120 1.164 0.607 

140 0.974 0.511 

160 0.832 0.439 

180 0.721 0.383 

200 0.634 0.339 . 
0.317 212 0.589 __ _j -----· ---- ----

Dynamic and Kinematic Viscosity of Water in Sl Units: 

r·------- --- oif-r;;m;ic ___ Kin""~n;~t;e--, 

I Temperature Viscosity Viscosity I 

- t- • 
-JJ- -v- 1 

{"C) (N s!m2) x 10·3 . (m2/s) x 10·6 I 

0 1.787 1.787 

5 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 

l......-.----

1.519 
1.307 
1.002 
0.798 
0.653 
0.547 
0.467 
0.404 
0.355 
0.315 
0.282 

• 1 N s!m2 = 1 Pas= 10 poise= 1,000 milliPa s 

1.519 
1.307 
1.004 
0.801 
0 .658 
0.553 
0.475 
0.413 
0.365 
0.326 
0 .29~ ____ ! 

• 1 m2!s = 1 x ul cm2/s =1 x 104 stokes= 1 x 1rl centistokes 
• Kinematic viscosity converter 
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Pipe Flow/Friction Factor Calculations 1: (U.S. units) 
Calculation of Head Loss, hL, or Frictional Pressure Drop, ~Pf, 

for given flow rate, Q, pipe diam., D, pipe length, L, 

pipe roughness, E, ahd fluid properties, p & ~L. 

1. Determine Friction Factor, f, assuming completely turbulent flow [f = 1.14 + 2 log10(D/E)"2] 

Inputs Calculations 

Pipe Diameter, D " 4 in Pipe Diameter, D " 0.3333 

Pipe Roughness, s" 0.0000033 ft Friction Factor, f" 0.00805 

Pipe Length, L" 9052 ft Cross-Sect. Area, A" 0.0873 

Pipe Flow Rate, Q " 2.230 cfs Ave. Velocity, V" 25.6 

Fluid Density, p" 1.936 slugslfe Reynolds number, Re "' 810,757 

Fluid Viscosity, f.!" 2.034E-05 lb-sec/ft2 

2. Check on whether the given flow is "completely turbulent flow" 

(Calculate f with the transition region equation and see If differs from the one calculated above.) 

f = {-2*1og1o[((EID)/3. 7)+(2.51t(Re*(f112))]}"
2 

Transition Region Friction Factor, f: f; 0.0127 

Repeat calc off using new value off: f; 0.0122 

Repeat again if necessary: f; 0.0123 

3. Calculate hL and L>.P1, using the final value for f calculated in step 2 

(hL = f(L/D)(V2/2g) and APr = pghd 

Frictional Head Loss, hL 

Frictional Pressure 

Drop, L>.Pr 

Frictional Pressure 

Drop, t.P1 

3383.4 ft 

210719 psf 

1463.33 psi 

ft 

te 

ftlsec 



Pipe Flow/Friction Factor Calculations 1: (U.S. units) 

Calculation of Head Loss, hL, or Frictional Pressure Drop, ~P1 , 

for given flow rate, Q , pipe diam., D, pipe length, L, 

pipe roughness, c, and fluid properties, p & f.l· 

1. Determine Friction Factor, f, assuming completely turbulent flow [f = 1.14 + 2 log10(D/er2J 

Inputs Calculations 

Pipe Diameter, D = 4 in Pipe Diameter, D = 0.3333 

Pipe Roughness. & = 0.0000033 ft Friction Factor, f = 0.00805 

Pipe Length. L = 9052 fl Cross-Sect. Area, A = 0.0873 

Pipe Flow Rate, Q = 2.800 cfs Ave . Velocity, V"' 32.1 

Fluid Density, p = 1.936 slugs/f!3 Reynolds number, Re = 1,017,991 

Fluid Viscosity, J.l = 2.034E-05 lb-seelfl2 

2. Check on whether the given flow is "completely turbulent flow" 

(Calculate f with the transition region equation and see if differs from the one calculated above.) 

f = {·2*1og10[((e/D)/3.7)+(2.51/(Re*(f112
))]}·

2 

Transition Region Friction Factor, f: f= 0.0122 

Repeat calc off using new value off: f= 0.0118 

Repeat again if necessary: f= 0.0118 

3. Calculate hL and 6P, using the final value for f calculated in step 2 

(hL = f(UD)(V2/2g) and ~pf = pghL) 

Frictional Head Loss , hL 5143.5 ft 

Frictional Pressure 

Drop, 6P1 320343 psf 

Frictional Pressure 

Drop, 6P1 2224.60 psi 

ft 

ft2 

ft/sec 



Pipe Flow/Friction Factor Calculations 1: (U.S. units) 

Calculation of Head Loss, hL, or Frictional Pressure Drop, ~P1, 

for given flow rate, Q, pipe diam., D, pipe length, L, 

pipe roughness, E, and fluid properties, p & ).l.. 

1. Determine Friction Factor, f, assuming completely turbulent flow [f = 1.14 + 2 log10(Dter2] 

Inputs Calculations 

Pipe Diameter. D = 4 in Pipe Diameter, D = 0.3333 

Pipe Roughness, ~ = 0.0000033 ft Friction Factor, f = 0.001!05 

Pipe Length, L = 9052 ft Cross-Sect. Area, A = 0.0873 

Pipe Flow Rate . Q = 3.290 cfs Ave. Velocity, V = 37.7 

Fluid Density, p "' 1.936 slugslft' Reynolds number, Re • 1,196,139 

Fluid Viscosity, J.l = 2.034E-05 lb-sec/ff 

2. Check on whether the given flow Is "completely turbulent flow" 

(Calculate f with the transition region equation and see if differs from the one calculated above.) 

f = { -2*1og10[((e/D)/3. 7)+(2.51/(Re*(f112))]r2 

Transition Region Friction Factor, f: f"' 0.0119 

Repeat calc off using new value off: f= 0 .0115 

Repeat again if necessary: f= 0.0115 

3. Calculate hL and ,<,.P1, using the final value for f calculated in step 2 

(hL = f(UD)(V2/2g) and ~P, = pghd 

Frictional Head Loss, hL 

Frictional Pressure 

Drop, 6Pr 

Frictional Pressure 

Drop, t.P1 

6927.8 ft 

431470 psf 

2996.32 psi 

ft 

ft2 

ftlsec 



Pipe Flow/Friction Factor Calculations 1: (U.S. units) 

Calculation of Head Loss, hL, or Frictional Pressure Drop, t..P1, 

for given flow rate, Q, pipe diam., 0, pipe length, L, 

pipe roughness, ~::, and fluid properties, p & f.l· 

1. Detennlne Friction Factor, f, assuming completely turbulent flow [f = 1.14 + 2 log10(D/e)'2) 

Inputs Calculations 

Pipe Diameter, D = 4 in Pipe Diameter, D = 0.3333 

Pipe Roughness, E = 0.0000033 ft Friction Factor, f = 0.00805 

Pipe Length, L = 9052 ft Cross-Sect. Area, A = 0.0873 

Pipe Flow Rate. Q = 3.640 cfs Ave. Velocity, V = 41 .7 

Fluid Density, p = 1.936 slugs/ft3 Reynolds number. Re = 1,323,388 

Fluid Viscosity, f! = 2.034E-05 lb-sec/lf 

2. Check on whether the given flow is "completely turbulent flow" 

(Calculate f with the transition region equation and see if differs from the one calculated above.) 

f = { -2*1og10[((e/D)/3 . 7)+(2.51/(Re*(f112
))]}'

2 

Transition Region Friction Factor, f: f= 0.0117 

Repeat calc off using new value off: f= 0.0114 

Repeat again if necessary: f= 0.0114 

3. Calculate hL and ~P,, using the final value for f calculated in step 2 

(ht = f(UD)(V2/2g) and ~Pt = pghd 

Frictional Head Loss, hL 8347.8 ft 

Frictional Pressure 

Drop, ~P, 519912 psf 

Frictional Pressure 

Drop, ~P, 3610.50 psi 

ft 

ft2 

ftlsec 


